It has been previously proposed that the transcription complexes TFIID and SAGA comprise a histone octamer-like substructure formed from a heterotetramer of H4-like human hTAF II (25, 27, 35, 36, 40 , and references therein). A subset of TAF II s are present not only in TFIID but also in the SAGA, PCAF, STAGA, and TFTC complexes (6, 16, 32, 43, 52; reviewed in references 18, 19, and 53).
Transcription factor TFIID is one of the general factors required for accurate and regulated initiation by RNA polymerase II. TFIID comprises the TATA-binding protein (TBP) and TBP-associated factors (TAF II s) (4, 7) . The cDNAs encoding many human TAF II s (hTAF II s) have been isolated, revealing a striking sequence conservation with yeast and Drosophila TAF II s (yTAF II s and dTAF II s, respectively) (25, 27, 35, 36, 40 , and references therein). A subset of TAF II s are present not only in TFIID but also in the SAGA, PCAF, STAGA, and TFTC complexes (6, 16, 32, 43, 52 ; reviewed in references 18, 19, and 53) .
TAF II function in living cells has been studied genetically in yeast and by transfection experiments with mammalian cells. In yeast, a variable requirement for TAF II s has been found. Temperature-sensitive mutations in yTAF II 145 result in cell cycle arrest and lethality, but the expression of only a small number of genes is affected (23, 51) . In contrast, tightly temperaturesensitive mutations in yTAF II 17 , yTAF II 25 , yTAF II 60, or yTAF II 61/68 which are also present in the SAGA complex have a more dramatic effect, in which the transcription of the majority of yeast genes is affected (1, 38, 39, 41, 46 ). An increasing body of results also shows that hTAF II 28 , hTAF II 135, and hTAF II 105 can act as specific transcriptional coactivators for nuclear receptors and other activators in mammalian cells (10, 26, 33-35, 45, 55) .
It has been proposed that the TFIID, PCAF, and SAGA complexes contain a histone octamer-like substructure (8, (20) (21) (22) 54) . This is suggested by the fact that three TAF II s show obvious sequence homology to histones H4, H3, and H2B: hTAF II 80 (dTAF II 60 and yTAF II 60), hTAF II 31 (dTAF II 40 and yTAF II 17) , and hTAF II 20 (dTAF II 30␣ and yTAF II 61/68), respectively. Structural studies show that dTAF II 60 and dTAF II 40 interact via a histone fold and form an H3-H4-like heterotetramer, although dTAF II 40 does not contain an ␣N helix characteristic of H3 (2, 30, 54) . In the mammalian PCAF complex, hTAF II 80 is replaced by another histone fold-containing protein, PAF65␣, which forms a histone pair with hTAF II 31 (43) . hTAF II 20 shows homology to H2B and may contain an ␣C helix characteristic of H2B (30) . In the absence of an obvious H2A-like TAF II , the histone octamer-like structure is postulated to comprise an hTAF II 80 (PAF65␣)/ hTAF II 31 heterotetramer and two hTAF II 20 homodimers.
Although it was not originally noted in sequence comparisons, hTAF II 28 and hTAF II 18 are also histone-like TAF II s since they interact via a histone fold motif to form a heterodimer (5, 11) . hTAF II 28 is atypical, since it shows equivalent sequence homology to H3, H4, and H2B, but structurally resembles H3 due to the presence of an ␣N helix. hTAF II 18 shows sequence homology to H4 but is likely to contain an ␣C helix typical of H2B. Furthermore, the SAGA, PCAF, TFTC, and STAGA component SPT3 shows extensive sequence homology to the histone fold motifs of both hTAF II 18 and hTAF II 28 in its N-and C-terminal regions, respectively (5, 36) . These two regions are separated by a long linker domain which would allow SPT3 to form a histone-like pair by intramolecular interactions. Therefore, while the existence of these additional histone-like pairs in the TFIID, PCAF, TFTC, and SAGA complexes does not rule out the existence of a histone octamer-like structure, this simple model cannot account for all of the histone pairs seen in these complexes.
One essential postulate of the original octamer-like model was the presence of two hTAF II 
MATERIALS AND METHODS
Construction of recombinant plasmids. Two-hybrid expression vectors and bacterial expression vectors were constructed by PCR using primers with the appropriate restriction sites, and constructs were verified by automated DNA sequencing. Details of constructions are available on request. LexA fusions were constructed in the multicopy vector pBTM116 containing the TRP1 marker, and the VP16 fusions were constructed in the multicopy vector pASV3 containing the LEU2 marker (28, 29) .
Yeast strains and two-hybrid assays. 8 -LacZ] by the lithium acetate technique (14) . Transformants were selected on Trp Ϫ Leu Ϫ plates. For qualitative detection of ␤-galactosidase activity, yeast colonies were replica plated on a nitrocellulose filter and lysed by freezing in liquid nitrogen and the filter was then placed on filter paper presoaked with X-Gal (5-bromo-4-chloro-3-indolyl-␤-Dgalactopyranoside) to turn positive colonies blue. Quantitative ␤-galactosidase assays of individual L40 transformants were determined as previously described (50) . Reproducible results were obtained in several independent experiments, and the results of typical experiments are shown in the figures.
Coexpression in E. coli. PCR was used to clone the hTAF II 20 histone fold region (and derivatives) between the NdeI and BamHI sites of the pET15b vector to generate a six-histidine-tagged fusion protein. Deletion mutant forms of the TAF II 135 CR-II domain and yADA1(259-359) were cloned in a modified version of the vector pACYC184 (New England BioLabs) (unpublished data). Plasmid pairs were introduced into E. coli BL21 (DE3), and double transformants were selected on plates containing ampicillin and chloramphenicol. Bacteria were amplified to an optical density at 600 nm of 0.45 and induced for 4 h at 25°C with 1 mM isopropyl-␤-D-thiogalactopyranoside (IPTG). Cell were lysed by sonication in buffer (25 mM Tris HCl [pH 6.0], 0.4 M NaCl), and the soluble fraction was collected after centrifugation at 14,000 rpm for 20 min at 4°C in an Eppendorf centrifuge. Aliquots of the soluble fraction from a 10-ml bacterial culture were then incubated with 50 l of Co2 ϩ beads (TALON metal affinity resin; Clontech) for 30 min at 4°C. The beads were washed three times with 1 ml of lysis buffer and then resuspended in Laemmli buffer. One-fifth of the bound proteins were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and staining with Coomassie brilliant blue as shown in the figures. Interactions with the glutathione S-transferase (GST) derivatives were performed by using glutathione-Sepharose (Pharmacia). Binding and washing were done essentially as described above. For gel filtration, the hTAF II 20(57-128)-hTAF II 135(870-952) complex was purified by chromatography on Co2 ϩ beads from 1.5 liters of culture. The eluted material was loaded on a Superdex 75 column (Pharmacia), and molecular mass was determined by comparing its elution time with that of known standards in the gel filtration standard kit from Bio-Rad.
RESULTS
The histone fold region of hTAF II 20 interacts with hTAF II 135. To test its ability to form homodimers, full-length hTAF II 20(1-161) was fused to either the LexA DNA-binding domain (DBD) or the VP16 acidic activation domain (AAD) (see Materials and Methods and Fig. 1 and 2B ). Both expression vectors were transformed into yeast strain L40, which harbors a LexA-responsive ␤-galactosidase gene. Interaction of the two proteins was evaluated from expression of the LexAdependent ␤-galactosidase reporter (see Materials and Methods). In such experiments, coexpression of LexA-hTAF II 20 and VP16-hTAF II 20 did not lead to significant activation of the ␤-galactosidase reporter gene (summarized in Fig. 1 Fig. 1 ). These results show that while neither hTAF II 20 nor hTAF II 135 homodimerizes, they do interact with each other.
The C-terminal domains of hTAF II 20, dTAF II 30␣, and yTAF II 68 contain a putative histone fold motif which shows sequence homology to that of H2B ( Fig. 2A) . The minimal histone fold motif comprises three ␣ helices, (␣1, ␣2, and ␣3) separated by two loops, L1 and L2. In addition, they may possess an ␣C helix, as observed in H2B. Fusion proteins containing the full hTAF II 20 histone fold or subdomains fused to the VP16 AAD (Fig. 2B) were tested for the ability to interact with LexA-hTAF II 135(870-951) (see below). TAF , containing the entire histone fold region, interacted with hTAF II 135 as efficiently as full-length hTAF II 20 ( helix along with L2 and the ␣3 helix suffices to mediate interaction with hTAF II 135.
In histone folds, the ␣2 helix is an amphipathic ␣ helix in which many of the hydrophobic residues interact with the hydrophobic residues of the ␣2 helix of the heterodimeric partner, while the solvent-exposed face comprises mainly polar and charged residues. Alignment of the hTAF II 20 histone fold with that of H2B, whose structure has been determined, shows that a similar arrangement may exist in hTAF II 20. To determine which residues of the hTAF II 20 ␣2 helix were involved in interactions with hTAF II 135, hydrophobic or charged residues were mutated ( Further CR-II region deletion mutants were made to more precisely define the amino acids required for interaction with hTAF II 20. Progressive deletions from both the N and C termini indicated that amino acids 870 to 911 suffice to mediate interaction with hTAF II 20 ( Fig. 4A and B, lanes 2 to 4) II 20 , and the sequences are divergent. Similarly, the region of the ␣2 helix between amino acids I92 and Q101 of hTAF II 20 and L2 show several differences. To determine which regions of the histone fold were responsible for the specificity of interaction, chimeras between the hTAF II 20 and yTAF II 68 histone folds were made in fusions with the VP16 AAD (Fig. 5B) .
We first replaced the divergent sequence between V454 and R463 of the yTAF II 68 ␣2 helix with I92 to Q101 of hTAF II 20 (68/20/68 c1, Fig. 5B ). This chimera interacted weakly with hTAF II 135 (Fig. 5C, lane 3 (Fig. 6A, lanes 2 and 3) . When expressed alone, untagged hTAF II 135(825-1019) was not significantly retained on the Co2 ϩ beads (lanes 4 and 5) while hTAF II 135(870-952) was unstable and failed to accumulate (Fig. 6A, lane 8) .
In contrast, coexpression of hTAF II 135(825-1019) resulted in solubilization of his 6 -hTAF II 20(57-128) and the formation of an hTAF II 20/hTAF II 135 complex, since the untagged hTAF II 135(825-1019) protein was now retained on the Co2 ϩ beads in stoichiometric amounts with his 6 -hTAF II 20(57-128) (Fig. 6A, lanes 6 and 7 compared with lanes 4 and 5) . Likewise, coexpression of his 6 -hTAF II 20(57-128) stabilized hTAF II 135 (870-952) and resulted in the formation of a soluble complex which could be retained on Co2 ϩ beads (Fig. 6A , lanes 10 and 11 compared with lanes 8 and 9). These results show that coexpression of hTAF II 20 and hTAF II 135 promotes the formation of a stable, soluble complex while each protein alone is insoluble or unstable.
To determine whether the hTAF II 20/hTAF II 135 complex is a heterodimer or a heterotetramer, the purified complex formed between his 6 -hTAF II 20(57-128) and hTAF II 135(870- (35, 40) . Nevertheless, our finding that yTAF II 68 does not homodimerize implies that there is a heterodimeric partner(s) for the yTAF II 68 histone fold in TFIID and SAGA. To identify potential partners, we used the sequence of the minimal region of hTAF II 135 required for interaction with hTAF II 20 to blast search the yeast genome. One of the highest-scoring proteins found in this way was the SAGA component ADA1 (24, 47) .
The sequences of both yeast ADA1 and a putative Schizosaccharomyces pombe ADA1 homologue could be aligned with those of hTAF II 135, hTAF II 105, and dTAF II 110, and this region is predicted to adopt a helix-strand-helix conformation (Fig. 7A ). This alignment shows the presence of many conserved positions occupied by hydrophobic residues. At several other well-conserved positions, a hydrophobic residue is sometimes replaced by a threonine. Two conserved basic residues are also observed in the ␣1 helix and in L2 (Fig. 7A) . Interestingly, most of these residues are also conserved in the ␣1 and ␣2 helices of H2A and in the ␣ subunit of the transcriptional repressor NC2, which has been classified as an H2A-like protein (15, 37) .
To test the ability of this region of ADA1 to interact with yTAF II 68 and hTAF II 20, amino acids 259 to 488 or 259 to 359 were fused to the LexA DBD and transformed into yeast (Fig.  7B) . A strong interaction was seen between both of the yADA1 constructs and yTAF II 68(414-490) or hTAF II 20(57-128) (Fig.  7C, lanes 1, 3, 7 , and 8, and data not shown). Strong interactions were also seen with the 68/20/68 c3 and c4 chimeras (Fig.  7C , lane 2, and data not shown). Importantly, yADA1 interaction with hTAF II 20 was abolished by mutations m1, m4, and m5 in the hydrophobic core of the hTAF II (Fig. 6C , lane 1, and data not shown). In contrast, when coexpressed with the GST-histone fold fusion of yTAF II 68 or hTAF II 20, was retained on glutathione beads (Fig. 6C, lanes 7 to 10) . Note also that coexpression with yADA1(259-359) significantly increased the solubility of the GST-TAF II fusions (compare lanes 3 to 6 and 7 to 10). Similarly, coexpression of yADA1(259-359) solubilized his 6 -hTAF II 20(57-128) and resulted in the formation of a heterodimeric complex which could be retained on Co2 ϩ beads. (Fig. 6C, lane 11) . These results show that yADA1 interacts directly with the histone fold domains of yTAF II 68 or hTAF II 20 to form stable complexes.
The histone fold region of hTAF II 135 is required for coactivator activity in mammalian cells. We have previously shown that coexpression of hTAF II 135 or hTAF II VOL. 20, 2000 hTAF II 20-hTAF II 135 AND yTAF II 68-yADA1 HETERODIMERSof various nuclear receptors (33, 35) . In hTAF II 28, the histone fold region plays a critical role in this function (26) . To test the requirement for the histone fold region of hTAF II 135 in this process, we generated an hTAF II 135 deletion mutant in which the minimal region required for interaction with hTAF II 20 (amino acids 870 to 910) had been removed. As previously described, coexpression of hTAF II 135(372-1083) in Cos cells strongly increased activation by a chimeric fusion protein comprising the DBD of the yeast activator GAL4 (G4) fused to activation function 2 of the nuclear receptor for all-trans retinoic acid (RAR␣) from a minimal G4-responsive promoter (Fig. 8, lanes 2, 4, and 5) . In contrast to our previous findings, the CR-II region alone (amino acids 805 to 1083) was also able to elicit such an effect, albeit less strongly than amino acids 372 to 1083 (Fig. 8, lanes 7 and 8) . Deletion of amino acids 870 to 910 from the CR-II domain completely abrogated the transcriptional coactivator effect (lanes 10 and 11) . Therefore, the histone fold within the CR-II domain is essential for the coactivator activity of hTAF II 135.
DISCUSSION
hTAF II 20-hTAF II 135, a novel histone-like pair in the TFIID complex. In this report, we show that hTAF II 20 interacts with hTAF II 135 in yeast two-hybrid assays. In these assays, interaction with hTAF II 135 requires a minimal region of the hTAF II 20 histone fold comprising the C-terminal region of the ␣2 helix, L2, and the ␣3 helix. This is in good agreement with the region previously observed in in vitro interactions (22) . Interaction with hTAF II 135 is abolished by mutation of hydrophobic amino acids in the hTAF II 20 ␣2 helix. Many of the equivalent residues in H2B participate in interactions with H2A in the nucleosome (30) . These observations indicate that hTAF II 20-hTAF II 135 interaction also involves the hydrophobic interface formed by residues of the hTAF II 20 ␣2 helix.
Interestingly, despite the fact that the histone fold region of yTAF II 68 is highly homologous to that of hTAF II 20, no interaction between yTAF II 68 and hTAF II 135 was observed. However, interaction with hTAF II 135 was partially restored when amino acids V454 to R463 of the yTAF II 68 ␣2 helix were replaced with I92 to Q101 of hTAF II 20 and fully restored when the whole ␣2-L2-␣3 segment was exchanged. The region from I92 to Q101 therefore contains specific determinants for interaction with hTAF II 135. However, the remainder of the L2-␣3 region, which appears highly conserved, must contain further important determinants and only the combination of these two regions allows full interaction with hTAF II 135. Thus, even apparently minor differences in the primary amino acid sequence can have important consequences in terms of partner specificity.
The histone fold region of hTAF II 20 is insoluble when expressed alone in E. coli. This is what is observed when many other histone fold proteins are expressed in the absence of their heterodimeric partners and is not what would be expected if the hTAF II 20 histone fold were to homodimerize. Similarly, the hTAF II 135 CR-II region required for interaction with hTAF II 20 is unstable and does not accumulate. In contrast, coexpression of these two proteins results in the formation of a soluble, stable complex which has the native molecular mass of a heterodimer. Indeed, in analogous coexpression experiments, hTAF II 28 solubilized hTAF II 18 and the resulting complex eluted as a heterodimer while the histone fold region of hTAF II 31 solubilized that of hTAF II 80 and the resulting complex eluted as a heterotetramer. However, in mixing and matching experiments, no complexes other than hTAF II 28-hTAF II 18 , hTAF II 31-hTAF II 80, and hTAF II 20-hTAF II 135 were formed (unpublished data). Therefore, there are determinants within the histone folds of these TAF II s which impose strict partner specificity rules.
Taken together, the interaction mapping data obtained with yeast and the biochemical characterization of the bacterially expressed proteins strongly suggest that hTAF II 20 and hTAF II 135 interact directly via a histone fold and form a novel histone-like pair in the TFIID complex (Fig. 9) .
Previous models have proposed that hTAF II 20 homodimers contribute to the formation of a histone octamer-like structure within TFIID. In two-hybrid assays, no interaction between lexA-hTAF II 20 and VP16-hTAF II 20 was observed although each of these proteins interacted with hTAF II 135. Furthermore, when radiolabelled full-length recombinant hTAF II 20 was used to probe immunopurified hTFIID in far-Western blot experiments, interaction with hTAF II 135 was clearly seen but no interaction with hTAF II 20 was observed (our unpublished data).
It has been shown that dTAF II 30␣ and hTAF II 20 can oligomerize (22, 56) . For hTAF II 20, oligomerization was observed with a fragment comprising the C-terminal half of the ␣2 helix, L2, and the ␣3 helix. In contrast, as no oligomerization was seen with the full ␣1-␣3 region, it is unlikely to correspond to homodimerization of the histone fold. It is possible that in such experiments the short subdomains of hTAF II 20 used were misfolded and formed aggregates due to the presence of many hydrophobic residues. Indeed, our coexpression experiments show that accumulation of the soluble hTAF II In hTAF II 135, interaction with hTAF II 20 minimally requires amino acids 870 to 911 of the hTAF II 135 CR-II region. This region is conserved in hTAF II 105, which, in contrast to previous reports (12) , also heterodimerizes with hTAF II 20 in yeast two-hybrid assays (our unpublished data). This minimal region shows homology to a region of yADA1 which can also mediate specific interactions with yTAF II 68 and hTAF II 20. Both the hTAF II 135 and yADA1 regions can be further aligned with the ␣1-L1-␣2 region of H2A and the H2A-like protein NC2␣ (and the C subunit of transcription factor NFY [our unpublished data]). This homology with H2A and H2A-like proteins is consistent with the observation that their partners hTAF II 20 and yTAF II 68 are H2B-like proteins. Most of the conserved residues are hydrophobic, with the exceptions of a conserved arginine in the ␣1 helix, a polar-acidic residue in the ␣2 helix, and a basic residue at the beginning of L2. The homology between the TAF II 135/ADA1 and H2A/NC2␣ families is comparable to that seen between the hTAF II 20 and H2B/NC2␤ families in that the majority of the conserved residues are the hydrophobic amino acids which make up the heterodimerization interface (30) .
The alignment predicts that the minimal domain of hTAF II 135 required for interaction with hTAF II 20 would contain the ␣1-L1-␣2 region of the histone fold. This is in good agreement with the observation that the minimal domain of hTAF II 20 required for interaction is the ␣2-L2-␣3 region. Due to the head-to-tail arrangement of the histone fold partners, the ␣1-L1-␣2 region of hTAF II 135 would be juxtaposed with the ␣2-L2-␣3 region of hTAF II 20. The histone fold is postulated to arise from gene duplication of two helix-strand-helix segments, HSH1 and HSH2, corresponding to the N-and C-terminal halves of the histone fold (3). The minimal TAF II 20 and TAF II 135 domains necessary for their mutual interactions correspond well to these predicted HSH2 and HSH1 segments, respectively.
By using only the homology with H2A/NC2␣, it was not possible to locate an ␣3 helix in the TAF II 135 and ADA1 families. However, by taking into account other known histone fold ␣3 sequences, homology between the TAF II 135/ADA1 families and dTAF II 40, dTAF II 60, and hTAF II 20 could be found. In this alignment, a D(V/I/L) pair is found to be conserved. In H3, H4, and dTAF II 60, this D residue forms a buried intramolecular hydrogen bond with a conserved R(K) residue in the L2 loop which stabilizes the folding of the ␣3 helix back over the ␣2 helix (30, 54) . In other histone folds (H2B and dTAF II 40), this pair is conserved but no interaction is observed. This D(V/I/L) pair is therefore a useful signature which allows us to identify a potential hTAF II 135/ADA1 ␣3 helix at this position. It is interesting to notice from this alignment that the hTAF II 135 region required for interaction with hTAF II 20 is well conserved and similar to H2A, whereas the more divergent ␣3 region is not absolutely required for interaction.
The histone fold region is critically required for coexpressed hTAF II 135 to potentiate transcriptional activation by the RAR. We previously reported that hTAF II 135 coactivator activity requires a domain N terminal to the CR-II region (35) . In the subsequent experiments reported here, however, we did see activity of the CR-II region alone, although it was weaker than that seen when the N-terminal region was present. Notwithstanding this discrepancy, deletion of the HSH1 segment of the hTAF II 135 histone fold completely abrogates coactivator activity.
In hTAF II 28, deletion of the histone fold region also abrogates coactivator activity (33) . We have further shown that specific residues in the ␣2 helix of the hTAF II 28 histone fold are critical for this coactivator activity (26) . These residues are located on the solvent-exposed face of this helix and in the interface with hTAF II 18. This suggests that hTAF II 28 acts by integrating into the endogenous TFIID via interactions with hTAF II 18 and that the solvent-exposed face of the ␣2 helix interacts with other factors required for coactivator activity (for a discussion, see reference 26). Further experiments are required to determine whether a similar mechanism operates in the case of hTAF II 135.
yTAF II 68-yADA1, a novel histone-like pair in the SAGA complex. Our present results show that yADA1 is a heterodimeric partner for yTAF II (16, 44) . Previous results have shown that the histone fold region of yTAF II 68 is necessary and sufficient for integration in the SAGA complex (40, 41) . Shifting of tightly temperature-sensitive mutants of yTAF II 68 with mutations in the histone fold domain to the nonpermissive temperature results in the disappearance of yADA1 and disruption of the SAGA complex (38) . Similarly, in yADA1 mutant strains, the integrity of the SAGA complex is severely compromised (47) . These observations are consistent with our present data, and together they show that the yTAF II 68-yADA1 pair is a critical structural element in the SAGA complex. However, in another yTAF II 68 temperature-sensitive strain, yTAF II 68 is depleted from SAGA prepared from cells grown at the nonpermissive temperature along with SPT3, suggesting that there is also an intimate relationship between these two histone fold proteins (16) .
Our results lead to a better understanding of the molecular interactions within the SAGA complex (Fig. 9) . If there is a histone octamer-like core in SAGA, it may comprise a yTAF II 60-yTAF II 17 heterotetramer and at least one yTAF II 68-yADA1 heterodimer. Furthermore, the yTAF II 68-yADA1 interaction provides a mechanism by which the yTAF II 60-yTAF II 17 heterotetramer, which is also present in TFIID, can be recruited into SAGA. This TAF II substructure is linked to the other SAGA components via heterodimerization with ADA1, which itself interacts with ADA3 (our unpublished data). As the interactions among ADA2, ADA3, and GCN5 have been well characterized (9) , this results in the identification of a well-defined substructure within the SAGA complex.
While the genetic data are consistent with an important yADA1-yTAF II 68 interaction in the SAGA complex, both biochemical and genetic results indicate that yADA1 is likely not a component of yTFIID. The genes encoding the yTAF II s are all essential, while the yADA1 gene is not. In addition, yTBP does not coprecipitate with yADA1 (24) . Mutation of yTAF II 68 results in the disappearance of yADA1, but deletion of yADA1 does not result in the disappearance of yTAF II 68. This indicates that most, if not all, of ADA1 is complexed with yTAF II 68 in SAGA or related complexes while, as previously noted (38) , the majority of yTAF II 68 is in TFIID, where it would not depend on the presence of yADA1 for stability but may be complexed with another partner, since it does not homodimerize. No homologue for TAF II 135 has been described in yeast, whose genome does not encode a protein with obvious homology to TAF II 135. The sequence of the yTAF II 68 partner in TFIID must therefore diverge from that of TAF II 135, and we have not yet identified potential partners. Given the high degree of homology between the other human and yeast TAF II s, it is quite remarkable that TAF II 135 is an exception to this rule.
Our results show that there are three histone-like pairs in the TFIID complex, hTAF II 31-hTAF II 80, hTAF II 20-hTAF II 135, and hTAF II 28-hTAF II 18 , and in the SAGA complex, yTAF II 17-yTAF II 60, yTAF II 68-yADA1, and SPT3. Consequently, in each case, there are more pairs than can be accommodated in a simple octamer-like model. Further experiments will reveal how these three pairs interact together and/or with other proteins to form the TFIID and SAGA complexes.
